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Abstract Mechanical factors related to patellofemoral

pain syndrome and maltracking are poorly understood.

Clinically, the Q-angle, J-sign, and lateral hypermobility

commonly are used to evaluate patellar maltracking.

However, these measures have yet to be correlated to

specific three-dimensional patellofemoral displacements

and rotations. Thus, we tested the hypotheses that increased

Q-angle, lateral hypermobility, and J-sign correlate with

three-dimensional patellofemoral displacements and rota-

tions. We also determined whether multiple maltracking

patterns can be discriminated, based on patellofemoral

displacements and rotations. Three-dimensional patello-

femoral motion data were acquired during active extension-

flexion using dynamic MRI in 30 knees diagnosed with

patellofemoral pain and at least one clinical sign of patellar

maltracking (Q-angle, lateral hypermobility, or J-sign)

and in 37 asymptomatic knees. Although the Q-angle is

assumed to indicate lateral patellar subluxation, our data

supported a correlation between the Q-angle and medial,

not lateral, patellar displacement. We identified two distinct

maltracking groups based on patellofemoral lateral-medial

displacement, but the same groups could not be discrimi-

nated based on standard clinical measures (eg, Q-angle,

lateral hypermobility, and J-sign). A more precise definition

of abnormal three-dimensional patellofemoral motion,

including identifying subgroups in the patellofemoral pain

population, may allow more targeted and effective

treatments.

Introduction

Patellofemoral (PF) pain syndrome is one of the most

common problems of the knee [6–8, 29, 33, 49]. Typical

symptoms are anterior knee pain exacerbated by activities

such as stair descent, prolonged sitting, and squatting.

Patellar maltracking and malalignment generally are

accepted as leading causes of PF pain [11, 15, 32, 46, 49].

However, the relationship between clinical pain and

objective measures of patellar malalignment/maltracking is
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unclear. Clinical measures can provide static (eg, Q-angle

[9, 13, 16, 17, 27, 32, 35, 45]) and dynamic (eg, lateral

hypermobility, J-sign [10, 19, 30]) indicators of patellar

malalignment/maltracking. Yet, clinical presentation is

often subtle and inconsistent and these measures have yet

to be correlated to specific three-dimensional (3D), objec-

tively quantifiable displacement and rotations.

The Q-angle is one of the most frequently studied

parameters in PF pain syndrome. A large Q-angle (C 15�–

208) is assumed to predispose an individual to PF pain

owing to increased lateral patellar position (lateral sub-

luxation) [4, 10, 35]. This angle is typically a static

measurement taken with the patient in the supine position

without quadriceps activation. Thus, a static measure is

used to infer the dynamic condition of PF maltracking.

Q-angle intrarater and interrater reliability has varied

across studies, with intraclass correlation coefficients

reported from 0.20 [12] to 0.70 [34]. Past studies have

revealed a correlation [16] and no correlation [32] between

Q-angle and PF pain syndrome. For these reasons, the

clinical usefulness of the Q-angle remains controversial. It

is further confounded by the fact that direct correlations

between Q-angle and PF displacements and/or rotations

have not been established. The one study, assessing the

correlation between the Q-angle and two-dimensional (2D)

static PF medial-lateral location, found no correlation [3].

The J-sign [9, 10, 19, 35] refers to the inverted J-path the

patella takes in early flexion (or terminal extension) as the

patella begins laterally subluxated and then suddenly shifts

medially to engage with the femoral groove (or the

reverse). It is likely a critical variable in evaluating sus-

pected patellar maltracking because this dynamic marker

can be ‘‘the most challenging to stabilize’’ [35]. Clinical

evaluation of the J-sign is simple, but it is a subjective

measure and its fundamental cause has not been established

[10]. In published studies, the J-sign is assumed to be

indicative of excessive lateral patellar shift in terminal

extension [10, 35]. Yet, the term J-sign suggests a curved

motion. Thus, varus rotation (rotation about the posterior-

anterior axis, which causes the patellar superior pole to

move laterally) likely influences its identification.

Numerous studies have compared PF alignment [1, 14,

22, 24, 26, 31] and PF displacements/rotations [5, 29, 39,

44, 48] in patients diagnosed with PF pain with asymp-

tomatic controls. These studies typically reported

variations in PF alignment, displacements, and/or rotations

between the two populations, but the results are inconsis-

tent across studies. In one study, no differences were

reported [25], yet in another, differences in the majority of

the 3D PF displacements and rotations were reported [39].

This variability is likely the result of differences in mea-

surement techniques, variables measured, and the presence

of various types of maltracking patterns in the omnibus

term of patellar maltracking [37, 39]. For example,

Schutzer et al. [37] identified three distinct malalignment

patterns in patients with PF pain: excessive lateral tilt,

lateral subluxation, and lateral subluxation with tilt. The

ability to accurately define various types of PF maltracking

patterns in the presence of PF pain should help optimize

treatment by localizing the sources of pain.

Thus, our primary objective was to test the hypothesis

that increased Q-angle, lateral hypermobility, and the

presence of a J-sign are correlated with the patellar lateral

position, relative to the femur, in terminal extension. As

previous studies showed PF pain is associated with rota-

tional and displacement variations in all three planes [39,

48], these correlations were expanded to include all 12 PF

motion parameters (the value of PF medial, superior, and

anterior displacement along with PF flexion, medial tilt,

and varus rotation and the slopes of each of these variables

relative to knee angle). The secondary objective was to

explore whether more than one maltracking pattern could

be discriminated, based on PF displacements and rotations.

In addition, the ability of clinical markers to discriminate

the same maltracking subgroups was tested.

Materials and Methods

Two cohorts were recruited. The first included 19 volun-

teers diagnosed with PF pain and suspected patellar

maltracking, who were recruited from local orthopaedic

clinics and ongoing National Institutes of Health studies.

To be included in this first cohort, each knee had to be

clinically diagnosed with PF pain syndrome with idiopathic

anterior knee pain present for 1 year or longer. An in-house

physiatrist using a physical examination and patient history

excluded any knees having (1) prior surgery (including

arthroscopy); (2) ligament, meniscus, iliotibial band, or

cartilage damage; (3) other lower leg disorder or injury; or

(4) traumatic onset of PF pain syndrome. In addition, a

physical therapist (TJB) blinded to the PF displacement

and rotational results examined each knee for evidence of

maltracking: (1) Q-angle of 158 or greater; (2) a positive

apprehension test; (3) patellar lateral hypermobility of

10 mm or greater; or (4) a positive J-sign. Any knee not

exhibiting one or more of these four signs was excluded.

Eight knees were excluded (one by the physiatrist and

seven by the physical therapist). In total, 30 knees from the

19 volunteers diagnosed with PF pain were included in the

final patient cohort. The second cohort was an asymp-

tomatic population, consisting of 37 knees from 28

subjects, recruited from the greater Washington, DC, area

population. This recruitment was web-based (http://clinical

research.nih.gov/), conducted through the National Insti-

tutes of Health Clinical Center Patient Recruitment and
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Public Liaison Office. Both knees were evaluated for the

asymptomatic volunteer, if time permitted. All subjects in

this cohort were asymptomatic with no history of lower leg

abnormality, surgery, or major injury. For both cohorts, no

subject was excluded owing to having an MRI contrain-

dication. The inclusion and exclusion criteria were

evaluated for all volunteers and patients at least three

times: (1) after they had expressed interest, a phone

interview was conducted; (2) before participation, an

in-house history and physical examination were performed;

and (3) all MR images were evaluated by a musculoskeletal

radiologist. The demographics were similar in the two

cohorts (Table 1). (All participants gave informed consent

on entering this Institutional Review Board-approved

study.)

The pain in each knee was evaluated using a visual

analog scale for pain and a Kujala score [23]. The Q-angle

and lateral hypermobility were measured with the subject

in a supine position with the knee and hip in the anatom-

ically neutral position and with relaxed musculature. The

Q-angle [10] was defined as the angle created by two

vectors, both starting at the anterior center of the patella.

One vector extended to the anterior-superior iliac spine

(ASIS) and the other extended to the tibial tuberosity.

Lateral hypermobility [10] was defined as the ability of the

examiner to move the patella laterally by 10 mm or more

(patellar glide test). This was evaluated by the examiner

moving the patella medially with his thumbs, while stabi-

lizing the leg (with their palms and fingers), until the end

range of motion was reached. The distance traveled by the

lateral edge of the patella was measured using a ruler with

millimeter increments. To evaluate the J-sign [10], subjects

were seated at the end of the table and the examiner

evaluated patellar motion as the subject raised his/her leg

into full extension. If the patella suddenly shifted laterally

in terminal extension, creating an inverted J-path, the

J-sign was considered present.

Complete 3D displacements and rotations for the PF

joint were derived from fast-PC (dynamic) MR images. To

acquire these images, subjects were placed supine in an

MR imager (1.5 T; GE Medical Systems, Milwaukee, WI;

or 3.0 T; Philips Electronics, Eindhoven, The Netherlands).

A previous analysis determined the displacements and

rotations obtained from the two imaging systems were not

different. A cushioned wedge was placed under the thigh to

slightly flex the hip. This provided the subjects with the

ability to extend their leg from approximately 408 flexion

to full extension. A full fast-PC MR image set (x, y, z

velocity and anatomic images over 24 time frames) was

acquired while the subjects cyclically extended and flexed

their knee from maximum attainable flexion to full exten-

sion and back for approximately 2.5 minutes. The motion

was guided by an auditory metronome [38]. Before data

collection, subjects practiced the task until they could

comfortably repeat the motion.

All displacements and rotations were defined relative to

an anatomic coordinate system embedded in each bone

[38]. The identification of these coordinate systems was

completed for one time frame only and integration [51] of

the 3D velocity data allowed displacements of the femur,

tibia, and patella to be accurately tracked throughout the

movement. For example, the femoral origin was defined as

the deepest point in the femoral sulcus in the axial image at

the level of the epicondyles, whereas the patellar origin

was defined as the most posterior point on the patella in the

midpatellar image (Fig. 1). Both points were identified in

one time frame (full extension) and their location in all

other time frames were determined analytically, based on

the knowledge of how the entire bone displaced and rotated

throughout the movement. Thus, the need to visually

identify anatomic landmarks at multiple times, as has been

necessary previously [5], was eliminated. This approach

has high reported accuracy (\ 0.5 mm [42]) and precision

(\ 1.168 [36]) in tracking 3D PF displacements and

rotations.

Once the displacement trajectories for a minimum of

three noncolinear points were known, the bone’s complete

3D rotation matrix and translation trajectory were calcu-

lated [21, 43]. The rotation matrix was simplified to three

Cardan rotation angles using an xyz body-fixed rotation

Table 1. Demographics and clinical scores for control subjects and

maltracking subgroups*

Item Asymptomatic Lateral Nonlateral

Gender (female/male) 22/15 14/3 12/1

Age (years)� 26.3 ± 8.9 29.3 ± 12.4 27.9 ± 10.0

Height (cm)� 169.4 ± 9.9 169.6 ± 6.9 168.9 ± 6.5

Weight (kg)� 66.5 ± 11.8 65.9 ± 15.3 66.6 ± 7.7

Visual analog scale score

(of 100)�
40.1 ± 27.1 35.1 ± 26.5

Kujala score (of 100)� 75.6 ± 10.4 72.1 ± 13.0

Q-angle (degrees)� 15.4 ± 3.7 17.0 ± 2.0

Lateral hypermobility*

(mm)�
10.3 ± 4.8 5.8 ± 1.6

J-sign (present) 9 5

Quantitative J-sign*

(present)

7 0

Length of pain (years)� NA 3.6 ± 2.9 2.7 ± 1.7

* The asymptomatic data were taken before the patellar maltracking

data; thus, the clinical parameters were not collected for this cohort;

for these measures, Student’s t test was used to compare means

between groups; no differences (p C 0.05) were found between the

group demographics; lateral hypermobility and quantitative J-sign

were different (p \ 0.05) between the lateral and nonlateral mal-

tracking groups; �values are expressed as mean ± standard deviation;

NA = not applicable.
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sequence. This assumed the patella began aligned with the

femur and arrived at its final alignment by first rotating

about its lateral-medial (LM) axis, then about its inferior-

superior (IS) axis, and finally about its posterior-anterior

(PA) axis. These rotations were defined as extension-

flexion (EF), PF LM tilt, and valgus-varus (VV) rotation.

Because all these 3D angles tend to be small, they can be

approximated by their 2D planar counterparts (Fig. 1) [40].

As varus rotation likely influences the identification of the

clinical J-sign [10, 35], a new measure defined as the

quantitative J-sign was created. A quantitative J-sign was

present if the slope of the PF varus angle (Fig. 1) versus

knee angle was outside the 95% confidence interval of the

asymptomatic population ([ 0.258 varus/8 knee extension).

The slope of the PF varus angle was calculated from the

dynamic MR velocity data.

Owing to the dynamic nature of the MR acquisition,

data were collected in even temporal, rather than even knee

angle, increments during flexion and extension. Data were

interpolated to single-degree knee angle increments and

only the extension portion of the movement was used in the

final analysis. Displacement and rotational comparisons

were made based on two variables, value and slope. The

magnitude of a displacement or rotational variable at 108
knee extension was defined as its value. The slope of each

variable was defined by the linear best fit of each with knee

angle. The validity of using a linear best fit has been

documented [39].

Maltracking subgroups were created by dividing the PF

pain cohort into two groups based on PF LM displacement.

The average PF LM displacement at 108 knee extension in

the asymptomatic subjects was �0.45 mm. Thus, symp-

tomatic knees medially displaced relative to the

asymptomatic average (C �0.45 mm) with a LM dis-

placement slope of 0.25 mm/8 or less were defined as

nonlateral maltrackers (n = 13). All others were defined as

lateral maltrackers (n = 17). This definition was guided by

a preliminary analysis of 10 subjects with PF pain. In this

smaller cohort, two distinct patterns of PF LM displace-

ment were easily identifiable (Fig. 2). Both groups were

defined as maltrackers, as both had differences in 3D PF

movement profile, from the asymptomatic average. The

nonlateral maltrackers (of this smaller cohort) entered the

study based solely on having PF pain and a Q-angle of 158
or greater, whereas the lateral maltrackers entered the study

based on PF pain and at least one dynamic marker of

maltracking (J-sign or lateral hypermobility). After this

preliminary analysis, the PF cohort was expanded. A power

analysis showed 10 subjects per group were required to

detect a 3-mm difference in LM displacement assuming a

two-sided Student’s t test with a power of 0.80 and a sig-

nificance level of 0.05. The 3-mm difference was chosen

Fig. 1 The diagrams illustrate 2D approximations of 3D translations

and rotations. All rotations and translations are based on 3D

kinematics using anatomic coordinate systems defined previously

[38]. For example, the femoral x-axis (fx) is defined by the two most

posterior points on the femoral condyles at the level of the

epicondylar line and is directed medially. The femoral y-axis and

z-axis (fy and fz) are calculated from the femoral x-axis and other

landmarks. The patellar x-axis (px) is defined by the posterior lateral

edge at the level of the midpatella and is directed medially. In the top

row (only positive directions are shown), dx, dy, and dz refer to

patellar medial, superior, and anterior displacement (with respect to

the femur), respectively. Po and Fo indicate the origin of the patellar

and femoral coordinates, respectively, and are pictured as dark-filled

circles. In the bottom row (only positive directions are shown), h1, h2,

and h3 refer to patellar flexion, medial tilt, and varus rotation (with

respect to the femur), respectively. Owing to the small angles, the 3D

angles reported can be approximated by these 2D counterparts. Thus,

the 3D lateral patellar tilt (h2) is approximately equivalent to the

clinical patellar tilt angle and patellar lateral shift (dx) is approxi-

mately equivalent to the bisect offset.
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based on previous work that found a 2.9-mm difference

(statistically significant) in LM displacement between a

cohort of patients with patellar maltracking and a cohort of

asymptomatic volunteers [39].

Correlations were sought in the patellar maltracking

population between 12 PF motion parameters (the value

and the slope of PF medial, superior, and anterior dis-

placement along with tilt, flexion, and varus rotation) and

the four markers of maltracking (Q-angle, lateral hyper-

mobility, clinical J-sign, and quantitative J-sign). A one-

way analysis of variance with the main effect factor being

group (controls, nonlateral and lateral maltrackers) was

used to compare PF displacement, PF rotations, and

demographics across groups. If a difference (p \ 0.05) was

detected between groups, a Tukey post hoc analysis was

performed to determine the group pair showing this dif-

ference. After the post hoc analysis, a Bonferroni-type false

discovery rate procedure [20] was used to adjust the p

values for multiple comparisons in each group pair.

A discriminant analysis (used to determine which vari-

ables differentiate between two or more naturally occurring

groups) was used to validate the definition of subgroups

based on LM displacement. As discriminant analyses typ-

ically provide clearer results if limited predicting variables

are used, three sets of predicting variables were defined

based on previous knowledge of PF pain and maltracking.

The predicting variable sets were (1) the values and slopes

of the variables primarily associated with patellar mal-

tracking (LM displacement and tilt); (2) the values of LM

displacement, IS displacement, EF and VV rotation along

with the slopes of LM displacement, LM tilt, and VV

rotation (these seven showed significant differences

between a maltracking population and asymptomatic con-

trols in a previous study [39]); and (3) Q-angle, lateral

hypermobility, and J-sign. These three groups were defined

as PK4 (four PF variables), PK7 (seven PF variables), and

C3 (three clinical measures), respectively.

Results

The data did not support the hypothesis that increased

Q-angle, lateral hypermobility, and the presence of a J-sign

are correlated with the patellar lateral position, relative to

the femur, in terminal extension (Table 2; Fig. 3). In fact,

the opposite correlation was observed for the Q-angle,

which was positively correlated with the value of medial

displacement (p = 0.010) and negatively correlated with

superior displacement (p = 0.026). This indicated a large

Q-angle was associated with a more medially and inferiorly

placed patella. Lateral hypermobility was correlated with

the superior location of the patella (p = 0.036) and the

slope of PF tilt (p = 0.035). The J-sign was correlated only

with the slope of PF tilt (p = 0.017).

Two distinct groups of maltrackers (lateral and nonlat-

eral) were distinguished based on PF LM displacement

(Figs. 4, 5, 6). The discriminant analysis using PK4 and

PK7 supported this definition of subgroups with 90.0% and

93.3% accuracy, respectively. Although the groups were

divided based on LM displacement, the lateral group was

6.2 mm laterally displaced (p \ 0.001), 7.48 laterally tilted

(p = 0.032), and 6.8 mm superiorly displaced (p \ 0.001),

along with having increased slopes for lateral displace-

ment (Dslope = 0.22, p \ 0.001), lateral tilt (Dslope =

0.53, p \ 0.001), and varus rotation (Dslope = �0.20,

p = 0.013), compared with the nonlateral maltrackers

(Figs. 5, 6). The lateral group differed from the asymp-

tomatic group average for all PF value variables except PA

displacement, whereas the nonlateral maltrackers differed

from the asymptomatic group average for one variable only

(increased PF flexion). As both groups had significant

differences in 3D PF movement profiles from the asymp-

tomatic average, the term ‘‘maltrackers’’ was maintained

for both groups. Qualitatively, lateral tilt and displacement

followed unique patterns in each maltracking group. For

the lateral maltrackers, tilt and displacement had a small

lateral change during early extension and an abrupt slope

change at approximately 208 knee extension followed by a

rapid lateral change in terminal extension. The nonlateral

maltrackers had a small lateral change throughout exten-

sion. On average, the nonlateral group had less lateral

hypermobility and fewer J-signs than the lateral group

(Table 1).

Fig. 2 A graph shows PF LM displacement versus knee angle. This

preliminary analysis of 10 patients with PF pain demonstrated two

distinct groups within the maltracking population. Three patients with

PF pain were medial of the asymptomatic average (gray, filled

symbols) and seven were lateral (black, unfilled symbols). The first

group (nonlateral maltrackers) entered the study due to a Q-angle of

158 or greater (static marker) without lateral hypermobility or J-sign.

The second group (lateral maltrackers) entered with at least one

dynamic clinical inclusion criteria (either lateral hypermobility or

J-sign). No other kinematic variable demonstrated two separate groups.
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Unlike the preliminary analysis, the subgroups for the

larger cohort of patients with PF pain could not be defined

accurately when using the three standard clinical measures

(J-sign, Q-angle, lateral hypermobility) as predicting vari-

ables. Yet, a discriminant analysis using the continuous

variables of Q-angle, lateral hypermobility, and quantita-

tive J-sign could predict the groups to an accuracy of

90.6%. Thus, in general, the lateral maltrackers entered the

study based on the presence of PF pain and at least one

dynamic marker of maltracking (either patellar lateral

hypermobility C 10 mm, a positive quantitative J-sign, or

both). This group had Q-angles greater and lesser than 158.
In general, the nonlateral maltrackers entered the study

based solely on two factors: PF pain and a Q-angle of 158
or greater (static marker).

The clinical J-sign and the quantitative J-sign were not

correlated with each other, but the quantitative J-sign was

correlated with seven PF displacement and rotation vari-

ables (Table 2). Lateral hypermobility was correlated with

the value of IS and the slope of PA displacement. Lateral

hypermobility and LM displacement had the greatest

influence in the discriminant analyses after all other factors

were controlled for.

Discussion

Clinical measures such as the Q-angle, lateral hypermobility,

and the clinical J-sign have been used to infer excessive

lateral PF displacement. Unfortunately, these measures have

not been correlated to specific 3D PF displacement and

rotations in past studies. Thus, the association between these

clinical measures and 12 parameters of PF motion was

Table 2. Correlations between clinical and patellofemoral displacement and rotational parameters for the patellofemoral pain population*

Measure Q-angle Lateral hypermobility Clinical J-sign Quantitative J-sign

r Value p Value r Value p Value s Value p Value r Value p Value

Q-angle

Lateral hypermobility

J-sign

Quantitative J-sign

Visual analog scale score 0.56 0.003

Kujala score

LM value 0.46 0.010 0.50 0.005

LM slope �0.48 0.007

IS value �0.41 0.026 0.38 0.036 �0.39 0.032

PA slope �0.53 0.002 �0.43 0.017

Tilt value 0.62 \ 0.001

Tilt slope 0.38 0.035 0.43 0.017 �0.60 \ 0.001

EF value �0.37 0.046

* Pearson’s correlation coefficients (r) are listed and the Spearman’s correlation coefficient (s), along with their p values, are listed if there was a

significant correlation between the row and column variables; any kinematic parameter that is not significantly (p C 0.05) correlated with a

clinical measure is not shown. The Kujala score and the visual analog scale score were strongly correlated to each other (r = �0.447);

LM = lateral to medial; IS = inferior to superior; PA = posterior to anterior; tilt = lateral to medial tilt; EF = extension to flexion.

Fig. 3 The graph shows the correlation of Q-angle with PF LM

displacement for the PF pain group. The x-axis is the value of lateral

(negative) to medial (positive) PF displacement at 108 knee flexion.

The shaded grey area represents the Q-angle in the pathologic region

(C 158). The y-axis is the Q-angle. The best linear fit is shown with a

solid black line. The linear correlation was significant (p \ 0.05) and

moderate [28], showing the Q-angle is correlated with medial, not

lateral, PF displacement
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investigated. In addition, past studies have suggested the

presence of subgroups with unique PF maltracking patterns

in patients diagnosed with PF pain syndrome. Identifying

these subgroups may play a critical role in providing more

effective interventions.

The knee motion evaluated in this study was limited to

partial range of motion with no externally applied load.

This did not limit the study conclusions, as the patella is

less engaged with the femoral sulcus and maltracking

patterns typically are most evident [18] in this range of

motion [39]. The required self-selected quadriceps activa-

tion during this free-kicking exercise likely further

accentuated the maltracking patterns [5, 50]. Although

insufficient power may have influenced the conclusions

reached for certain variables, the between-group differ-

ences were small. Thus, the differences between these

variables were likely clinically irrelevant. The clinical

inclusion criteria were evaluated by one of the authors

(KEA) for two knees with PF pain. A training session, held

before data collection, ensured intraobserver and interob-

server consistency. Removing these two knees from the

analysis did not alter the final conclusions.

The finding that Q-angle is associated with medial and

inferior PF displacement opposes the theory that a large

Fig. 4 The graphs show PF

kinematics comparing symptom-

atic with lateral and nonlateral

subgroups. The able-bodied

(control) average (n = 37; black

line, no symbol ± 1 standard

deviation) is shown in gray shad-

ing. The lateral (nonlateral)

maltracking group has squares

(circles) placed at 58-knee angle

increments with a 1-standard

deviation bar. The left column

contains the three scaled transla-

tions and the right column

contains the three rotations,

which are based on a body-fixed

xyz rotation sequence. The dot-

ted line represents 108 knee

extension, in which the statistical

comparisons of value were made.

To account for skeletal size

variations across subjects, all

translations were scaled by the

ratio of the average epicondylar

width from the asymptomatic

population (77.3 mm) to the

epicondylar width for each knee.

The nonlateral group differed

from the normative average for

one variable only (increased PF

flexion). The lateral group dif-

fered from the normative average

for all PF value variables except

PA displacement. Disp = dis-

placement; rot = rotation.
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Q-angle results in lateral subluxation [4, 10, 35]. Yet, in

light of the work on the Q-angle’s basic geometry [13, 17],

the results are logical. According to Grelsamer et al. [15], a

2-cm lateral shift in the ASIS results in a 28 increase in

Q-angle. Accordingly, a more medially placed patella and a

shorter patellar tendon result in a larger Q-angle; specifi-

cally, the same 2-cm shift applied medially to the patellar

center results in an 18.28 increase in Q-angle (assuming the

distance between the patellar center and the tibial tuber-

osity = 7 cm [41]). Therefore, a large Q-angle is more

indicative of a medialized patella than a lateralized ASIS.

Applying this reasoning to the maltracking population, it

can be theorized a large Q-angle is indicative of a medially

placed patella under static conditions. This medial place-

ment is a result of passive constraints alone because muscle

activity is not present when the Q-angle is measured. For

the nonlateral maltrackers (all but two of whom had a

Q-angle C 158), these passive constraints are capable of

counteracting the lateral pull of the extensors during active

contraction and maintaining a medialized patella.

The clinical J-sign primarily has been associated with

PF lateral subluxation [19, 35] and vastus medialis oblique

(VMO) deficiency [35]. The latter is unlikely because the

VMO moment has a small varus component and a VMO/

vastus lateralis imbalance would result in valgus rotation.

Thus, the presence of a J-sign likely indicates a ligamen-

tous problem or a small lateral trochlear inclination angle

[2], explaining the difficulty in stabilizing a knee showing a

positive J-sign. Unfortunately, the measure of quantitative

J-sign is not a simple clinical measure nor does it correlate

with the subjective clinical J-sign. Yet, based on the dis-

criminant analysis, if a clinical measure could be

established that precisely captures the change in PF varus

rotation, there would be a set of clinical assessment tools

(Q-angle, lateral hypermobility, quantitative J-sign) that

together could distinguish the maltracking patterns

observed in our study subjects.

Establishing the presence of subgroups in the umbrella

diagnosis of PF pain with maltracking likely will enhance

treatment by allowing for more targeted interventions. For

example, when a patient does not exhibit the classic PF

maltracking patterns (excessive lateral tilt and displace-

ment), pain often is assumed to be from overuse [45]. Yet,

PF pain may arise owing to alterations in the other PF

displacements and rotations. For example, the nonlateral

group had excessive PF flexion, which may decrease car-

tilage contact area, causing increased contact stress. In

addition, the patella engages with the femoral sulcus fur-

ther in terminal extension for this group, as compared with

the lateral maltrackers (7-mm difference in PF superior

displacement). Thus, the sulcus is more likely to provide

the passive force, which maintains nearly normative axial

plane movement. Excessive forces on the sulcus and

patellar lateral edge are likely sources of pain. However,

the lateral maltrackers had the classic PF maltracking

patterns. In this group, the presence of patella alta reduces

Fig. 5 A graph compares values of PF displacements and rotations

between groups. If differences (p \ 0.05) were found in the Tukey

post hoc analysis of the analysis of variance, then a bar was placed to

connect the groups with the difference and the average difference

between the groups was placed above the bar. Patients who had

medial displacement relative to the asymptomatic average (C �0.45

mm) with a LM displacement slope of 0.25 mm/8 or less were defined

as nonlateral maltrackers (stars). All others were defined as lateral

maltrackers (squares). The superscript symbols after the average

values indicate the following: *p \ 0.001, @p = 0.001, #p = 0.008,
$p = 0.0061, %p = 0.020, ^p = 0.049, +p = 0.032, Op = 0.023;

disp = displacement; tilt = LM tilt; rot = rotation.

Fig. 6 A graph compares slopes of PF displacements and rotations

among groups. If differences (p \ 0.05) were found in the Tukey post

hoc analysis of the analysis of variance, then a bar was placed to

connect the groups with the difference and the average difference

between the groups was placed above the bar. Patients who had

medial displacement relative to the asymptomatic average (C �0.45

mm) with a LM displacement slope of 0.25 mm/8 or less were defined

as nonlateral maltrackers (stars). All others were defined as lateral

maltrackers (squares). The superscript symbols after the average

values indicate the following: *p \ 0.001, @p = 0.002, #p = 0.013;

disp = displacement; tilt = LM tilt; rot = rotation.
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the overall PF contact area, causing increased stress and

potentially PF pain [47]. Patella alta creates a situation in

which the patella leaves the sulcus groove earlier in the

extension cycle, causing a loss of bony constraints and

resulting in greater tilt and subluxation. Thus, a secondary

pain source may arise from the high forces required to

reengage the patella into the sulcus during flexion.

The fact that three different discriminant analyses had

greater than 90% agreement with the definition of the

maltracking subgroups provides strong evidence for the

existence of these subgroups. In future studies, it may be

possible to further divide the nonlateral maltrackers into

three subgroups (medial, normal, lateral tilt) and the lateral

maltrackers into two subgroups (normal, lateral tilt). The

presence of five subgroups was not investigated owing to

sample size restrictions. Being able to further subdivide the

group likely will lend support to the three subgroups (lat-

eral placement, lateral tilt, lateral placement with lateral

tilt) established by Schutzer et al. [37].

Q-angle, lateral hypermobility, and the clinical J-sign

may not be accurate gauges of lateral subluxation during

dynamic activity. Distinct maltracking subgroups do exist

in the patellar maltracking population. The quantitative

J-sign is highly correlated with 3D PF displacements and

rotations. Lateral hypermobility is a critical clinical vari-

able in that it is different between maltracking subgroups,

is correlated with PF motion, and has the greatest influence

on the discriminant analysis. Work is ongoing to establish a

larger database to explore finer details in these subgroups.
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